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ABSTRACI

This report s1umma.1rizes the second four months progress of an

itnvestigation of the effect of ultra-rapid quenchLtng on certain alloys

of beryllium. The experimental techni ques developed during the first

four months were applietd with only minor modifications to alloys of

the systems Be-, Be-A!. Be-Si, Be-Sc, Be-Ni, Be-Cu, and Be-Zn. No

changes in phase appear to have been induced by ultra-rapid quenching

in most of tile alloys tested, although a shift of lattice parameter

has been observed in several. D1 . finite phase changes appear to have

been induced in one Be-Cu alloy a'..d in two Be-Ni alloys, but these

res Its are sub jvct to further cnt irmat ion.
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1 INTRODUCTION

This progress report covers tie second four months work on the

subject contract, namely t he months of June, July, August, and

September o1 1961.

The genteral bahckg round and the develolp.ment of the basic experimen-

tat technique.s which have bnevn used were fully described in EOS Report

l450-4M-1, and according ly tneed lot be repeated here. With the excep-

101) of 0} 1 Vtie lsloIeIr v hnalor h ,r , tie ailqadi'tli5 ailnd proeddures have

r.mlihtned the same a1 s J tdescribed ill the rvporlt inti o(ed. The ctlanges

have consiste~d oi wrappitn, Qi. output coil oft he inductti1 heater with

C•l~ss fiber i t ape ,Ip' anld inseri ng' a~>;, ceramllic bltcevo be'twteen this ouctpu

coil and th,, graphite uzz , which it surrounds, The sleeve acts both

as a shield to ret.r.d !.ss ,t h eat trol, the IIZo.7de and ;Is a dielectric

to prevent formaition t if an ar disci argtt betweenl notZ.le and coil; the

Miass tipj) 5serves ito plevtt.v ait lorriatiol beltweeln turn,,s o ttie coil.

Both these Chang esll}gt5 l',, isld. m Iade ltCi1S of tilt problems encoantered in

melting anlld quenchiug a1lloys with relativ'ly high nwelt 1'w points (say

above 1300 C). Atc toimationl is encou-ragelid btth by tI, e higher voltage

being fed to thei outp t coil ,and by tlt. presence ol an argon atmosphere

(which requires an appreciably 1ower field for breakdown than, for

example, air under standard conditions). Use of the tape and the

sleeve have made possible satistactory melting of all the alloys thus

far investigated

16 50-4M-2



2 RFSULT'S

Ior tho sake ot c larityv of preselitat iri. the result s obitained will

to discuissed in terms of cacti of the it los' systeinves igatted

(:01)05it. Wais will bie given aIs w~iglt percent Intl 1 ust p)tCit , using

noI, cotmnion .ihhiev jat ion "w1o Be" [lie S'-Stc'.s Will 1) discussed in

ord~- ot in teas jug itot iic nonhir of th ai'.1loving clemeiint,

lit I V jinformaittion is avaijiahl.' with respnct to this system

in i c -r of th, k pr'hwnsiv c 0 ollect i ons wh ichi have bh come wide ly

icc-pt~d as nithoi'rtat ive (to , I and 2) Mit th iiosnakr

s- tandird t-uýdit ions.) of on, of th, .syoiiiiitu ( i oit to] of

*,cMIOSit i,,ila VII jill.-11 tiiihlt HIic inveit iýit ion of III- Be-i)

wsl- w'ithi Iin i h' sci, "lI '' pres'ent priori: is ti1 --ri Olel 1iiii iiedi

t11V t cLhiniii *mVami fill for attemipt inn w o! xvgcni into soluition

i!..Ilion was ti ;i.li B- i~i ~oIac( with tip' mt-um. diaite phlis-e Bet)

(W SV *XiSLtCIicc LoMPltiot 1i11, aiid strUtoilre are w, 11 established)

Si:nc' iall of the ailloy.s invest igitecf in the ent it, pio)grani have looen

pri-p~ired 1)y micitinjog in Bet) Crnc ibil'ýS, anly () I rins leiril fromt Be() to

solut ion in Be by coutact meItl ing should appeir (i" ai AMiil ini 1st ticc

oaamtr) i:' all al lovs; thus no diffe~r inc' could he epected upon

furthter' it t'Mtii( in this roCt ion Neverthecless, li'. expe"riment of

melt ing, Be in, a Biet cruiicbl.' with some' pirt ii les of Bet) ( piodiuced by

criiliinm i short lenyth of Bet) t ubinig ) was t ried As i XpVcte d, no1

di fe tence in the X-ray patteurn of Iii, renI Iing ingot ion d he

d-e.-tAil. An 11t ernst iv'' api oachi suiig,,stc bvle the pro ject monitor,

was oslbsvqunrtl.1' t ried The Brush Bi r sI iuir Co supp ic lusoSve t I

rid'-s oI B,.- powdir zt varirte v, e coil ont; it might tlicr'forv he



ex'pec ted that these d it ferent grades would have di [lferent lar.t ice para -

e ctrs and prov ide, somrce ulaet i al for invest igat inyg the effect of ultra-

r-ipid quenching Accordinilv. samples of eachi of the three grades of

powde r were obtained, and a spec imen of each wats mleIt ed and X -rayed It

WAS noted that eaich melt se-parated into two parts one, of Which wits

rough ;lvl Spherifcal ill shape. and hwid a hr ight mtatallic tiistcr, and th-

ot hcr o0I witich itad .1 dirIk SIII'Iik .O ind an. JI roegii I r si~ap. 1.lch part a,

X-ra~ved sep~iratetv It wats fountd that hot h par1ts oh illt three grades of

Bv sihowed the powder1 pat tcll 'It Bl Witt hi n mauh varifat ion inl Spac-

1¾'- Irm ilios1 ' ot tOe pitt-ri ,I Pcch~iin.* be In addition, thte Liirve

darker port lionMS hu sevral lins which coincidcd in spacing with the

St itteS L I ite S 01 1 ti I!C t 11:L f BuO hi ( I S Vot eI ca rd 4 -084 3 of the(

AS 1 M iti1ý, Re , t -) ?'o% z t ito ana l',s i s 11 t i -nic io )hv t he vendor

iVtS( th, otn ' ( p I1 -:01i!1.it 1. 1, wo i lith) oh I Bc precs-n 1 in etLach o f

)OWd dt:;S bit i I-li d, A:, I I II1

-Bru!Ji D- ii one i1)ti -it c .'r nt B, -

SI l- I0o L) hill

SI1- IM)2It

Illo inldicit ion; it ., thr , to-1 - hat the oxv)eu was prisc t in tI le source

1r 1~ I s bet), iii h it-t t hall i ii sot Iii d, lilt i on Iiii B- It titis is trtue.

itt": 01 eoiir~se thor.- hais li-in it, guýn in iisitiv t, liBtrush powders, as tite

rpikprat ion pruonciir- woo Il S~t ill colt;;i St ofti ItB 1 le in contalct With

I1-U. Ilo)wCver it. is pI .uitad thadt buth p)or1t huhoils hiO~~ grade of powder

will 1- sOibiticted to nit ta-ratpid itlin

I iý')( - '.M - 2



2.2 Beryl 1 ium-AluminuSt

According to Ref 1, the elements Be and Al shlc, no mutual

solid solubility , t form a eutt ctic at about I w/o Be cotmposition, with

a melting point ot W45 C Smnples of conposit ions 1, 5, and 80 w/o Be

were prepared and quenched by the usual procedures (is described in EOS

Report IW0 -4M-1), except that it was found necessary to add a flux in

orde-r to induct mixing of the taiEvten Be and Al; sodAW Mlu osilicatoe

(Na 2SiF ) was iusecd !or this purpose,. Before quenchlug, onlly the lines

due to Al were found in the X-ray patterns of the 1 And 5 w/o Be speci-

TI~cIs, iS WAS to he expected with such small concemitrat ions of Be The

H w/,.o Bl- pecienui sh,•lied thhe lin-s of b~oth Be and Al in the pattern

Alt emr rapid quenching, no qu itIt ivv chanige was toumid in Uh- st ructures;

th. I Aud ) w/o Be saimpleis st ill showaed ionly Al, And thc' 80 w/o Be still

h,,',., ,ul; Bl• n nd AI Ilh p.mtranintter 0I the Al waS not lounid to be

measurabhlv diit, tr.ut Iteo th, AS'M vaIl, ol 4 0494 X ill iiAny of these

palt,-.s except possibly th.s, ol the , w/o Be Alloy, which were found

to '. 4 041 X beflore qinihclinii md 4 Eli X .After qu•nuching howtVe'vr,

it si•nmis doubt lul thiat tes,, J ight varikt ions) ar. siy iliticmnt , espe-

cialNl in view o, thii. results obhtained from tOh other alloys

1650-4M-2 4



2 3 iLeryllium-Siltcon System

Mhe Be-Si system is qualitatively similar in equilibrium pro-

perties to the Be-Al system, in that the two components show no mutual

solid soluhbility but form i cutt ct at it a composition of 39 w/o Be with

a. melting point of 1090 C Specimens having the compositions 20, 40,

o0, 75, 80, and 90 w/o Be were prepared and quenched by the usual pro-

cedures. X-ray patterns made prior t : quenching showed the sumples to

be mitj+r-s of Be and 31, in agre'mt witln tSov reported equilibrium

proiperties (Ref 1), except that only the strongest line of Bc appeared

in the 20 w/o Be speciimen After q:ycvning, only a few Be lnes appeared

in the pattterns of the 20, 40, "0. and 74 w/o Be specimens, so that no

s iti leant measuiremelnllt tl lit t j 'it parlalneters could be made; in the

80 and 1(1 wIo Be spec-imsiel no tchkmigv in spacvijgs itom those of the ASTM

flile could he detected On the ,thrr hind, the Si reflections appeared
clearly il the 20, 40. O,. and 1) W/o Be specimetns, but only four Si

relicte ions ippeared iii the ptt.i.rns ot the 80 and 90 w/o Be specimens.

No othri phase': appealed alter qt;eIc Ih ing "lhe parnmet er of the Si, as

calcu lat,.d from the (131) rcllueti io. s.howd some variation in the four

low-Be alloys (in which it could he :1easurd*with some accutracy) as

fol lows-

w/o Be Pa ramteter (t )

O 3.4.4301 (ASTh value for Si)

20 1 438

4(0 5 406

60 1 39 3

V) 5 407

There Is theretore some id lac t Ion th Mat some Be may he taken

into solid solut ion in Si in thi 40, IO. and V5 w/o alloys as a result

1650-14M-2



ot rapid quenching, since the parameter of the Si appears to be lowered

by an amount larger than Culld be ascribed to expe rimental error. low -

ever, it would seem that some lowering of the parameter should in that

case also be observed in the 20 w/o Be alloy. This question will be

It, rther invest igated

1,650-4M-2 h



2 4 Bery lijki-Scandium System.

Investigation of this systein is somewhat handicapped by the

fact that neither Ref 1 nor Ref. 2 gives any information about its

equil ibr ium propert ies,. It is therefore impossible to select logical

compositions (such as those of intermediate phases or eutectics) for

experimen tation In view of the technological interest in producing

ductile Be alloys, the high-Be compositions 80 w/o Be and 90 w/o Be

have been chosell as a st a- t ing point. It wats found necessary to use a

flux (Na2 SiF 0) to indnctc tlh, molten Be and Sc to ctmbinle X-ray analysis
of the resultin). alloys show that at both cotmposi itos there is appar-

cotly ill a nnermt-ediiatV phIast' teormed; the powder pattrerns are alike and

consist o1 a very Iarg:e number o1 lines. It is ,t! course impossible to

couclude that the C mpltxitv of Ht- pattverl.; is not due to the presence

of more than one phaset, either because tLhe Be-Sc system really has a

two-phase rg ion at thte t' c ompositions or bee n•lse t rue equilibrium was

not attained in the experiments III any -venti, the alloys will be sub-

jected to rapid qenL'oChiIllpog and in X- rayed to determine whether any

chanlge of struetoer, has been prodiced.

i650-4M-2 7



2 5 Beryllium-Nickel System

This system coasists of the intermiediate phases BeNi and

Be21 Ni with Cutectics formed hbeweo,q thm ; and between the terminal

solid solutions and the adjacen t intermediate phase (Refs 1 and 2)

These three eutectics and two intermediate phases were selectvd for

investigation, the compositions beiing as follows"

Ccmpos it ion
(w/o Be) _igniftcance

5 7 E. ti.ct itc between Ni and BeNi

14 liitimerutd late pha.ic BeNi

2'En tv'ctic between BeN i and B, N21N

"-40 intLermediate phase Be 21Ni 5

lEi t ec ic between Be 21Ni, and Be

The alloys of thi.s sst.m were among the miost dul-f icu Lt to

prepare becauitse of thlir reilit lvel hii gh me It ing points, btit the. appara-

tus changes me•ittioned earlic r in the report i.c. , wrapping the output

coil with glass fiber tape anti using a ceramic slt'evt' around the gra-

phite nozzle) made it poss.ibl' to obtain sat isfactory results. X-ray

patterns of all five alloys prior to quenching showed theml to consist

of the correct equilibrium cm.opositiOns as shown in the tabulation

above After rapid quVnch ing, the patterns of the 5 7 and 14 wio Be

alloys were found to be the same as thev had been before quenching.

The remaining three alloys were changed as follows

Composition Pattern after Quenching

(W/O Be)_________

25 Strong BeNi plus unident if led lines
(not Be 21Ni 5)

40 BeNf only

58 New phase tentatively analyzed as fgce-
centiered cibic with patainieter 4 05 A

1650-4M-2 8



Since these results appear to represent complete changes of

phase on quenching, it is important that they be checked carefully

Experiments designed to prove or disprove the autheiiticity of these

results are now in progress They consist of two approaches. first,

repetition of the preparation and quenching to determine whether the same

results can be obtained, and second, heat treatment of the quenched

samples to determine whether reversion to the equilibrium structure can

be induced. Reversion to equilibrium would be contclusive proof that a

t.",,chige in stiuctore had beeni produced by quenching, and hat tdie

observed changes in X-ray diffract ion patterns were not due merely to an

accidental alteration of comuposition, for example The quenched 40 w/o

Be alloy has been heated 12 hours at 200 C and 1 hour at 400'C without

cans•iog a reversion ol the B,'Ni pattern to the equilibrium phase Be 21Ni5.

It iý )I itit.re.t to niote tht, variat ion •n the lattice para-

mtr of thie BvNi pihas, . t.ain,d by sev,.r.a1 different procedures

S, cimAn Par.,mienter IX)
1.4 w/o Be bhte or, q-.e...h 2 , 1..0,O1

14 W/,. B., a ter q ,'-11ch 2 613

4.0 w/o Bei alter quevch 2 616

"lh,. par.Liv:etc, rs were c.alculait,.d by 041,rA, lug th VaIUe'S obt ained itom

") high-angle reflections ol each pattern lFor comiparison, Ref. 1

staLes that the -arametur of BRNi varic:, irunn 2. b2A at 13 4 w/i> Be t.o

2.(AX at 14.5 w/o Be.

1656-40--2



2 to Beryll1ium-Copper Systemu

According to Ret 1, tihe Be-Cu systeml consists of terminal solid

So lktiiOn and thIiree iut ermedia te phases des igna ted P3, 0i' and ',in order

o1 Increasing Be ConItent Thei 13-phase is centered about thei composition

t) w/o Be (roughly BvCu ), tlioe 13 -phase about 12 w/o, he ( rough ly BeCu),

and tile '-)II.ISC about 30 w/ol 1k iroughil' Be 3Cu) Sin'. all three

phlaSes vxist ove I a range of c oipos it ion (alIthlough tElie range is flarrotj

ir th-c case ot i chr 0-phiase) it is probablY preferable to use thie Gree'k-

Ic VtIl VI d" S tgn.At I 0115 Ii. oipu)s it iolls soelectetod tor inivest igatilon

corr~sporidid to the So, thirevin ~t erme-di1.1( phases, plus two hi gh -Be

-ii lovsi (80 W/o anfd 91) W/o 13,) inltuhded! bitilise oi thr tecthnologicall

mleeti:l obt.tlinlilg, duk t i Ie li B, oth O MUe w1) Is.' liend (he 90 W/o

H, tu:}pOs itions lie int ll HOB- icl t''lll~jll.il solid 5ol~lid On (Ret 1)

AllI the allIoys wele pt-parrid ard qu-iiciiiid liv 0Tleu. proce -

cmt rv s X -ray patt..rils madc prior to. rip id qulenchilng shlowed that thle

Al loys had thle correct qulni ibium~~i 5s rllct Ilis, e:(t.'pt that pioor patterns

obtined Id'~ h ,!10 hs. 11W'~.lt"'UV~il hs

ii il's yed,0 c leirpa t of (i espect ivel \') th 0i 13itd 03' p~hases

.1111', inldicat ing tha~t til' cillipOS iti1,111 WeýIV correct As jlrepare .3' and

thatI the Unsat isfac''ory patt 'riiS Wou-e ptriiaily duic to Incotiplete alloy-

ing .Wi t 11 thveox'. opt ion o1 tiih- 30 w/o lBe allo I o -phase' Jinl equ ilIibrium).,

biOle Of thet spec im'n s showed aiiv% (haing, of st riuc u r' after quench ing.

Tile 30 wI o Be,. wii ichi had viv' I dc'd a .: ivar ,- phase pat tern be fore qcuench -

ifuyg gave only a c lear 13'p~hils pat terni a ftcr i quench ing Iu order to

chofck tillis result , a1 nlew sample was prepared and quenched; again only a

cle-ar - phase0 pat tern was obtained before quenichiiig. bUt after qulenlCh-

ing a weak 'ý-phase pat tern appeared t ogeuier w ithi thle strong j3 -phiase

pat tern Thle tentat iv,' LoclnuIsi'll is thiat there is aI transforrniat ico

f romu . to 13induce'd by' qnelc 1(ilig, anid thlat ill the second sample tlle

(IjlelICl Was 11(11 ((nlit.A ."I f'1 (ot iVI as5 ill the f ir,,t Again, furthler work

Will he" (I.Locssiry ti) prove- or dii~prov-' the 1 .ojil

I " _ ')-411-2 1)



2.7 BeryLlium-Zinc System

Very 'it. le information on the Be-Zn system is given in Refs.

1 and 2 It seems probable rthat little investigation of the system has

been made because of the experimental difficulties encountered in

attempting to alloy tile two Cietleents, since tihe boiling point of Zn

(namely 90b C) is considerably below the melting point (1280'C) of Be

An attempt was made to form an alloy of Be and Zn in the present program,

hut the Zn evaporated and deposited in a fibi on thMe adjacent apparatus

beoor, tho Be was melted. Coi-isequenttly, it does not sem feasible to

investigate the Be-Z4 system within the scope of the present program,

is vte cnt ire quenlchinog amppar.ttus would 1hav! tCo be ritbulit so as to

Opelrate in ,ii high-pressure ,timosphhrv.c

16•50-401-2 H



3 FUTIURE WORK

I' i, planned that the programi will 0. canIt inkied jilong the following

thieu l ines

1 Using present tr.&iili"iu,1 exte'nd work to inc hid oth~r alloly

sy'stemis, or othet cminpo~it ions within the s5"twstm already Iinvest igated,

Which uttay he of1 atele si

2 Ufsing: present "chnitliu.s, at tempt to cantis iv. ly sk-ttle any

qut~st ions whith Vi hvo At !itt "ntdwIdd at thlt prusent stage, of thtC

pi mr1~m ri is poinit wit d , m i st large Iv Yao prov ingý- or d isprovini; the

aut heid ic it y ofi tih' pit.'; 1tins I ,triitll ion:s wA h-i 100y Outn I ottd t o ike

3 gAda1tiont~ kit a now imiproved d os (gt iii lnt'ldiult l)litpratits now

illý dov'.. p-l !-, D[ v'! and - tPut al I 1w Ca :i I * ' 1.: l IIns -- it utt e of

!,I, 10i..'a It appiru that 1hu- O.g will I'. Shvi i.-an itixpenl-

'I' ' OntviS lit . n!d 'snotl hi th -Lck-d ant illtit' it airtv 11uar ltat are

S itL it is still in an expt iventtta t.t ae*.- d,s, r-ipttiov ot it will he

dv fvrrvd to a flittirk! pronr.' 's report-

1650-419-2 12



REFERENCES

1. M. lHansen, "Constitution of Biuary Alloys", McGraw-Hill, 1958.

2. W. B. Pearson, "A Handbook of Lattice Spacings and Structures of
Metals and Alloys", Pergamon Press, 1958.

"3. "X-Ray Powder Data File", Sets 1-5, Inorganic, Amer. Soc. for
Te.sting Materials, 1900.

1650-4M-2 13



UNCLASSIFIED

UNCLASSIFIED


